In this paper, the reactive yellow 14 dye solution was removed from aqueous solution in the presence of commercial ZnO (mean crystallite size is 44.116 nm) under the UV A light. The decolourization of dye process was obeyed to pseudo-first orderkinetics. The optimum conditions of decolourization for this dye such as: initial dye concentration 50 mg/L, best dose of ZnO 350 mg/100mL and initial pH of aqueous solution of dye 6.75 were studied. Activation energies for dye were found to be 27.244 kJmol −1 . The photoreaction process was observed to be endothermic reaction and less randomness.
produce a high amount of wastewater. In the last decades, a large number of research groups worldwide focused on the techniques that were useful for the removal of dye from wastewater.
Roglić and coworkers [5] studied the electrochemical oxidation of groups from reactive textile dyes by carrying out in an electrochemical cell containing standard membrane industry; the highest degradation of study dyes was achieved at 12 V. The COD values for all dyes dropped at less 30 ppm O 2 after 60 min, except reactive black 5 dyes who are reduced the COD with and without membrane at 57.95% and 35.28% respectively.
Tomczak and Tosik [6] found that the sorption capacity for reactive blue 81 onto a rye straw as a cheap plant sorbent was less favorable than it was for direct orange 26 after applied Freundlich, Langmuir, Redlich-Peterson and Radke-Prausntiz isotherm.
Sahasrabudhe and Pathade [7] isolated organism Enterococcus faecalis strain YZ 66 as a useful tool to remove the reactive yellow 145 dye from the wastewater, and the decoluorization of dye occurred at pH 5 and 37˚C. In other studied, they selected the reactive orange 16 for biotransformation studied by the same organism (Enterococcus faecalis strain YZ 66). They found that the decolourization of this dye was performed at 80 min with 77.73% under the optimum conditions [8] .
Emara and coworkers [9] and reactive red 141. The initial pH of the solution is 11.4, but when acidification, the solution to pH 7 leads to increase the rate constant to higher 10 times than it is at pH 11.4. Then the rate constant increased to 25 times with change the pH of solution from 11.4 to 3 and the time of decolourization was reduced from 5 h to 2 h at pH 3.
Alizadeh and coworkers [12] found to be that the optimum pH for favorable adsorp- 
Materials and Methods

Results and Discussion
Photocatalytic Kinetic Analysis
The experimental results indicated to nodecolourization of reactive yellow 14 dye in the existence of ZnO and without light (dark reaction). On the other hand, no decolourization of this dye was observed with irradiated reaction in the absence of ZnO (photolysis reaction). The results proved that the decolourization of the dye was dependent on the presence of UV light and a catalyst. That regarded as fundamental for the effective destruction of reactive yellow 14 dye.
According to the Langmuir-Hinshelwood (L-H) model, at assumption the initial dye concentration is low; the rate of reaction follows pseudo first-order kinetics, so the apparent rate constant (k app ) expression was calculated by the following equations [14] :
where: C o is an initial concentration of reactive yellow 14 dye at time of irradiation = 0 min. C t is a concentration of the same dye at time t of irradiation.
( ) 1) The reaction occurs between two adsorbed substances (Dye (ads.) and
• OH (ads.) ). OH + Dye Decolourization or degradation (7) In all cases, the express of reaction rate equation is similar.
Effect of Dye Concentration
According to Figure 2 , the rate constant of decolourization of reactive yellow 14 dye was inversely proportional with increasing the initial dye concentrations at ranged (50 -100) ppm, that due to increase the dye concentration but the catalyst amount is kept constant, hence the active sites is fewer. Moreover, this behavior isinterpreted to decline the reached optical density of light in the solution [12] [17] and according to the Equations (4) - (7) for Langmuir-Hinshelwood (L-H) kinetics model possible, the increased of the dye concentration compared with the amount of • OH that source it mostly is water, then O 2 and OH of catalyst, that leads to depress of the rate of decolourization. 
Effect of ZnO Dose
In order to shun the unnecessary excess of catalyst and to sponsor a wholly absorption of light without loss, the dose of catalyst must be determined.
The effect of ZnO dosage is depicted in Figure 3 . The results show that the measured rate constant of reaction were found to be increased with increased the catalyst dosage from 100 to 350 mg/100mL, this behavior reflects the increment of the numbers of the active sites of catalyst, which in turn increases the rate of radical formation [17] [18]. 
Dose of ZnO g/100mL
The maximum decolourization rate level is observed with 350 mg/100mL that regarded as the optimum catalyst ZnO dosage [19] . From other side, at a high dose of catalyst, 
Effect of pH
The initial pH is considered one of the most benefit parameters that affects not only on the surface charge of catalyst, but also the characteristics of textile dye, and generation of hydroxyl radicals, that enhancements the photode colourization of the organic pollutants such as a textile dye in presence of photocatalyst [17] .
From Figure 4 , the experimental results demonstrated that the initial pH of reactive yellow 14 dye (6.75) with 50 ppm was the most active in photo decolourization process.
The minimum rate constant was recorded at initial pH 4 and 11, thereby; there are two interpretations for understanding the effect of pH on the rate of reaction: 1) surface state of catalyst & 2) ionization state of ionisable organic molecules [22] .
The first interpretation can be performed in acidic and basic medium. At acidic pH, 
While, at basic pH, the ZnO can undergo dissolution, so the photocatalytic activity of ZnO depresses [18] . Initial pH of dye solutuin
Effect of Temperature
At different temperatures in the range 278.15 -311.15 K, Figure 5 and Figure 6 obtain that the efficiency of decolourization for reactive yellow 14 dye is a linear relationship, that fitting the graph of the Arrhenius Equation (12) and of Eyring Equation (13) . Equation (12) was used to calculate the apparent activation energy [24] . (12) where: k app is apparent rate constant; E a is apparent activation energy; R is gas constant; T is temperature of reaction and A is a frequency constant.
The decolourization of dye was increased with increasing temperature. The apparent activation energy on ZnO surface for this dye was calculated and found to be 27.244
. From the other hand, the thermodynamic parameters enthalpy of activation ΔH # , entropy of activation ΔS # were evaluated by depending on the plot of Eyring Equation (13) . The free energy activation ΔG # is calculated using Gibbs Equation (14) [24] . 
The fitted results of the apparent activation energy and the other thermodynamics functions are shown in Table 1 . 
Conclusions
Photo decolourization of reactive yellow 14 dye was kinetically studied and proved that the photoreaction obeyed the pseudo first order. Moreover, it's found that the method of decolourization is dependent on parameters such as dye concentration, catalyst dosages, initial pH of solution and temperature.
The optimum concentration of dye was 50 ppm and the best dosage of ZnO found at 3.5 g/L, and the maximum value of pH was reached to 6.75. The activation energy for decolourization of dye was calculated and equal to 27.244 kJ•mol −1 by using Arrhenius equation. Further the thermodynamics functions were calculated by depending on Eyring equation. The photoreaction process was observed to be endothermic reaction non-spontaneous and less randomness.
